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NASA Gravity Recovery and Climate Experiment (GRACE) 
• Launched in 2002 with a nominal 5-year lifetime (still 

working) 
• Follow-on (GRACE-FO) scheduled for 2017 
• Measures changes in Earth’s gravity field (really, in the 

distribution of mass) 
• On land, these mass/gravity are dominated by changes in 

total water storage, from which groundwater can be 
isolated 

• Functions like a ‘scale in the sky’ that can weigh the 
monthly increase or decrease in water storage in a large 
(>200,000 km2) region with an accuracy of 1.5 cm 
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Total Water Storage Changes in the  
Sacramento-San Joaquin River Basins from GRACE (2003-2013) 

Eq
u

iv
 H

ei
gh

t 
A

n
am

o
ly

 (
m

m
) 

Time 

Lowest point in nearly a decade 
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Total Water Storage Changes in the 
Sacramento-San Joaquin River Basins from 
GRACE (2003-2013) 



Trends in Freshwater Storage from GRACE, 2003-2012 

From ‘Water in the Balance,’ Famiglietti and Rodell, 2013 



From ‘Water in the Balance,’  
Famiglietti and Rodell, 2013 

Trends in Freshwater Storage 
from GRACE, 2003-2012 
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USGS Groundwater Watch 
Tuesday, January 21 



waterforcalifornia	 ucchm.org	

STotal = SSnow + SSurface Water + SSoil Moisture + SGroundwater 

SGroundwater STotal - SSnow - SSurface Water - SSoil Moisture 

 

 

Remove this  

(SSnow+ SSurface Water + SSoil Moisture) 

  

from  

STotal… 

 

To isolate this 

(SGroundwater ) 

STotal 

Estimating groundwater storage changes with GRACE 
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Famiglietti et al., 2011 

Groundwater depletion in California’s Central Valley, October, 2003-March, 2009 

The New York Times, May 31, 2011 
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Sacramento-San Joaquin River Basin Water Storage, 2003-2013 
Update to Famiglietti et al., 2011 

Total Water SWE 

Reservoir Storage Soil Moisture 



waterforcalifornia	 ucchm.org	

Groundwater depletion in California’s Central Valley, 2003 – 2013 
Preliminary Update to Famiglietti et al., 2011 

 

No problem?? 
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• The groundwater response (combined human and natural) to drought lags the 
surface water response 

• It may persist for several years depending upon the length of the drought and 
water management decisions 
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Cumulative annual changes in aquifer-system storage, Central Valley, CA, 1962 – 2003 
 Faunt, 2009 

? 
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Groundwater Depletion in the Coachella Valley 
Brian Thomas et al., in preparation 
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Groundwater use in the Colorado River Basin  
during drought (2005-2013) 

Castle et al., in prep 

Total Water 

Accessible Water 

Groundwater (blue) 
Surface water (red) 

Q: Will declining groundwater reserves in the Colorado River Basin impact the 
ability to meet future allocations to Basin states? 
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Trends in Freshwater Storage from GRACE (2003-2013) 

Antarctic ice sheet melting 

Patagonia glaciers melting 

Argentina drought 
Guaranii aquifer depletion  

Alaska glaciers melting 

Greenland ice sheet melting 

Southeastern U.S. drought 

NW Australia groundwater depletion 

Orinoco floods 

Indian groundwater depletion 

Indian monsoon 

California groundwater depletion Tibetan Plateau snow increase 

Middle Eastern groundwater depletion 

China groundwater depletion 

High Plains groundwater depletion 

Upper Midwestern U.S. flooding 

North African groundwater depletion 

High latitude precipitation increase 

Aral Sea shrinking 

Southern Africa groundwater depletion 

Mekong drought 

Amazon drought 

Peruvian glaciers melting 
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Trend map courtesy of Felix Landerer, NASA JPL 
Famiglietti et al., 2013, in preparation 
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• The era of relative abundance is over. 
 

• It’s time to manage our groundwater, in California, the U.S., and around the world.  
The free pass that we’re taking on groundwater is unquestionably unsustainable.  
 

• All of food, energy, environment, domestic, industrial needs are critical, and must be 
balanced against economic growth and saving water for the future 
 

• Sound science must underlie sound management. Take advantage of the deep pool of 
hydrological expertise that exists in the state.  Invest in the observational and 
modeling tools to support water management decisions. 
 

• Education and communication are essential – to farmers and bureaus, to the energy 
sector, water managers, elected officials, and the general public 

 
 
 
 
 
 
 
 
 
California needs a clear road map toward a sustainable groundwater future — and it 
needs one today. 
 
 

 
 
 
 

We must raise awareness of the state's critical water issues to the level of everyday 
understanding. 

 
Once people truly understand that our groundwater is disappearing and not coming back, 

acceptance of the need for its protection is far more likely. 
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Questions? 

The UCCHM Team at the Groundwater Replenishment System, Fountain Valley, CA 


